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liLUOROl'OSS MONOIAY}:RS COVALENTLY ROUND TO A 
S ILICA SURFACE 

RaylFlOnd Con,pos: ~an M. /Wmi,,;: TitnOl/,ys. Haddad: and JOJ~ph M. 
Mabif 

'ERC, [11(: • "Air Force ResellfCh Lahol'lltory 
Edwards Air Force Base, CA 93524 

Ro:c~nl studies have i;x.'Cn increasingly utilizing flooroalky[-suOstituted 
Po[yhedral Oligomeric SilSesquio.\(Ulf:s (l'OSS) molecules, kl1O\\n 11$ 

n\lOroPOSS, for producing non-wetting surfaces. Most oommonly, 
(I I [,111,21 1,21 1_perfluorodeeyl}.S i,O,! (flilorodccyl POSS), has been utili7-cd 
for its e"traord;n~rily low surface energy (:::IO lIlt-1m) and phase behaviOi in 
polymer blends. llo"'l:ver, fluoroPOSS surfnces CHn seldom experience 
abrasion, or extended exposure to certnin liquids, and still retain their non­
wctting properti~s. A route to synthesize a functional fluoroPOSS molecule or 
monomer, with the ability to be covalently attachoo to a textured surface or 
polymer, is desired for the potential ability 10 develop n mechanically robust 
omniphobic surfuce. 

In the current study, mono-. di-, and tri·chlorosilancs tethered 10 a 
fluorodecyl POSS eage are synthcs i7.cd via hydrosilylation of (vinyl. 
methyl)(lII,11I,2l1,211-perfluorodecyJ),Si,ou POSS. Products are identified 
by NMR speetrometry. The synthesized monochlorosilyJ-fuoctional 
fluoroPOSS compound is subsequently used to treat silicon dioxide surfaces. 
Coyulent attachment is confirmed by atomie force microscopy and dynamic 
contact Wlglc 8n.llysis. 
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FI.UOROPOSS MONOI.A YEI~S COVALr.NTLY BOUND TO A 
SIUCA SURFACE 

Raymond Campos,· $#an M. &mire;: Timor}" S. H(I(Jdad: and Jrutpl! M. 

Inlraduelion 

Mabrl 

'ERC, Inc., ~Air Force Researeh l.aboIatOf)' 
Edwdrds Air Fom: Base. CA 93524 

Polyhedral Oligomeric Si I S~sq uioxarw:s (POSS) ure a class of molecules 
'onsisting of a polyhedral Si-O core, surrounded by organic functionality. 
Recent studies have been incleasingly ulil;;':ing mole.:ulcs knO"l1 as 
flooroPOSS. which possess flooroalkyl groups on their periphery, for the 
imprO\'emenl of low surfllCe ellCJ8Y characteristics. Mool commonly, 
(li-I,I II,2H,2H·pcrfluorodeql},oSI.0" (fluorodecyl POSS). is used to produce 
non·wening surfac~. ' " 'The utility of Ihls compound siems from its 
eXlroordinilrily low surfoce energy ("' 10 mNlm), beheved 10 be the 10\\'Cs\ of 
any crystalline solid, as wel l as ilS p~ behavior in polymer blends.l The 
structure offluorodecyl ross can be sccn in figure I A common approach to 
produce a non-wetting surface using f1uororoSS is to coat a pre-textured 
surface with a flooroPOSS/polymcr blend. or to deposit the blend on a flal 
surface in II spedfic way, su.:h as clectrosplnning or spraying, to induce a 
specific lexture. Deperxilng on the textun· of the surface and the panicle 
loading concentratIon, surfaces Ulili7~ng lluoroPOSS can exhibit a WIde range 
of non-wening Char;lcI~ri$liC!l, lrom modcrately hydrophobic to omnipMbic, 
repelling essentially all liquids. Although these coatings have a wide range of 
applications, flooroPOSS surfaces can seldl)m experience abrasi\)I1. or 
extended cxposure \0 certain liquids, and still retain their non_wellmg 
propcnies. A route to synthesize a fun~!ional fluoro POSS molecule or 
monomer. with the ability [0 be covalently sltuchcd to a textured surface or 
polymer, is desired for the potential abIlity \0 develop a mechanically robust 
omniphobic surface. 

In the currt:nl sludy, mono-, d,-, and trHhlorosilanes tethered \0 a 
Iluorodecyl POSS cage arc synthcslzed I 'ill hydrosilylation of {vinyl, 
methyIXIH.IH,21 1,2Ii-perfluorodxyl).Si,O" POSS Products are idcntified 
by NMR spttlrOmelry, observing ' II. "c, IiF, and " Si nuclc i, The 
synthesi7.cd monochlorosilyl-funcllonal lluoroPOSS compound is 
subsequently used 10 treat silicon dioxide surfaces, Alomic force microstopy, 
refltttance spectroscopy aod dynamic contacl analysis are used 10 
charactcrizc: covalently bound f1uoroPOSS monol:rycfS on lhe surface of 
silicon dioxide. 

Fil:urf I. Structure 
IIdvaneing on a silICOn 

Elpuimrn,.1 
1\blrri.ls. Dimelhylchlorosilane, mcthyldichlorosilane, and 

trichlorosilano;: werc obtained from Gclest and distilled prior 10 use. 
Platinum(O)-divinyl tctramethyldisilo~anc (2 '11% ~ Solulion in xylene) w:.s 
re.:eived from Aldrich. ~lc xalluorobenUlle WolS used as received from 
Synquesl Laboratories. Silicon wafers (25 4 mm diamete r, Type N, 100) were 
obtained from Wafer World. 

Insrrumrn,.tion '1-1, "c " F, ant.! :'5, NMlt srectra WCIC recorded on 
a 300-MHz Bruker spectrometer. WcllHI¥ behaVIor of trealed silicon 
substrates was performed on a Datal'tlysics DCA 20 goniometer. The rms 
rouglmess values of lrealed surfaccs were obtatned using an alomic foree 
microscope (Digital Instruments DimenSIon 3100). 

SynthesiJ ur (vi nyl, mrlhyl )(l II,I H,211,2H·pcrfluorodfq'I). Si,Ou 
POSS (I), The synth~s,s of compound (l) will be discussed in a future 
publication 

Synlbfsis of (mflhyl. rlhylchtorosilyl)( III , III ,211,211-pfrfluoro­
decyl).Si,O,,!'OSS (2a_2e). Compounds 2a, 2b_ and 2c were prepared by the 
plalinum-cataly.-.cd hydrosilylalion of compound (I) and 

dimcthylchlorosilane, mcthyldichlorosilane, or trichlorosilanc, respecllvely. 
The reaction stheme can be secn in Figure 2. A solution of compound (I) (0.5 
il. 0.123 mmol) was sealed in a glass pressure vessel eqUIPped with a buill-in 
septum. The PI cltalysr (1.4 )lL of 2 .... ,% solution) was then added to the 
solution via syrinie , With the rcactiOl1 mixture stirring at room tempenuure, I 
mlllOl of the appropriate sil~ was added ~ia syringe. "The reaction m'xture 
was then allowed to srir for 24 hoU/ll !II 100 'c, After cooling. solvent and 
excess silane were removed by dynamic vacuum, leaving a beiie solid 
compound. 

Resull$ I nd Discussion 
Synthesis. Mono-, di·. nnd Iti-chlorosilyl funcllonal flllOroPOSS 

molecules were synthesizc:d by the hydrosilylation of (vinyl, methyl)­
(I H,I H,2H,211-pcrfloorodecyl).StoOli POSS and dimethylchlorosilanc, 
mcthyldiehlorooilanc, or trichlorosilanc, as shown in figure 2 

'.'--,",' »._-" .. ... "., ."'..., _ ... _-, 
Figure 2. Synthesis scheme for ehlorosilyl-functional fluoroPOSS . 

Oxidr SurracfS !rUled " 'ith chlorosilyl-runc tiOlu l Ouorol'05S, To 
qualify the use of the newly ~ynthcsized chlorosilyl-functional fluoroPOSS ,n 
non_wt:l\ing surfacc~. (2-d imethylchlorosilylcthyl, mcthylXI11,l H.21 1,2H· 
perfloorodecyl);,Si,o" (2a) was used to trcat a flal silicon diox,de surface. 
Once lreated, dynamIC contact angle analysis was used \0 characterize the 
weuing propenies of the silicon wllfers This data, along with reflectance IR 
spectral dala, confirm! covalent anachmenl 10 the silica surface. Thc resulting 
surfaces arc believed to be more thermally stable and mechanIcally robust 
than any other surface uli1i7jng fluoroPOSS molc.:ulcs. The wetting 
propertlCS of covalently bound fluoroPOSS monolayers arc also compared to 
that of spin coaled surfaces, ?revious research has used contact angles of 
various welting liquids on (I H,III.2H,211-perlluorodecyl). Si,O' ll>QSS spin· 
coated surfaces with extremely low rms roughness values to cakulatc the 
surface energy of the compound.' Variations in Ihe wetting properties of 
covalently_bound fluoroPOSS derivatives and spin-coated It,. Si,ouT. POSS 
provide insight into the source of the low surface encrgy of the crystalline T. 
POSS compound, The use of chlorosilyl.fl,lnctionai fluoroPOSS moIttules in 
treating ollide surfaces and other 5ystems, such as polymers and 
macromolecules, wilt be the subject of future research. 

Conclus ion~ 
Previously unreported chlorosilyl-functional lluoroPOSS molecules 

havc w n synthesized via hydrosilylation reactiQrlS. Synthcslud compounds 
present a possible route for protiucmg mechanically robus! non·w.:ning 
surfaces. The monochlorosilyl-functional fluoroPOSS was used to covalently 
alUtch lluoroPOSS nanopanides 10 a silicon dioxide surface. Spectral dam and 
\\ttting properties of the treatcd surfacc confirm covalent attachment 
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